Introduction
Patellar tendinopathy (PT), an overuse injury (Reinking 2016 ) often referred to as 'jumper's knee', commonly occurs in sports that particularly involve jumping. The mechanism of injury is associated with continuous and repetitive stress on the patellar tendon of the knee (Celebi et al. 2016) resulting from explosive movement (Van Ark et al. 2016 ). This pathology occurs in all populations (Celebi et al. 2016) , with an estimated prevalence of 8.5% in recreational athletes who usually have a less intense training regimen (Vetrano et al. 2013) . However, in elite athletes the prevalence of PT is as high as 13% -20% (Stuhlman et al. 2016) and can even reach a percentage of 40% in elite athletes involved in sports with a high demand (Abat & Sanchez-Ibañez 2014) on the extensor mechanism of the knee (Steunebrink et al. 2013) . The main causes are intrinsic (Malliaras & O'Neill 2017) and extrinsic risk factors (Hägglund, Zwerver & Ekstrand 2011; Reinking 2016 ).
The physical diagnosis of PT is based on clinical and predominantly ultrasound examination, although findings may not necessarily be associated with the severity of the symptoms (Celebi et al. 2016) . The rehabilitation of PT is typically non-operative and requires an evidence-based approach founded on the research literature. This is enhanced by the clinical judgement of the rehabilitation team, their understanding of the rehabilitation intervention and wise implementation thereof , whilst still keeping the athlete's return to sport goals in mind (Reinking 2016) . Patellar tendinopathy rehabilitation is an encompassing management of the athlete with the fundamental focus on exercise (Van Ark et al. 2016) . However, with the possibility of enduring persistent symptoms, full recovery from this pathology is not always certain (De Vries et al. 2017) .
Even though PT is a familiar pathology amongst elite and recreational athlete populations (Reinking 2016) , there is modest evidence for risk screening tools in PT assessment and rehabilitation. A necessity is that the rehabilitation team's clinical reasoning and progress of the rehabilitation process must be founded on authenticated subjective and objective measurements (Reinking 2016) . As a result of the unconvincing (Peters et al. 2016 ) and challenging track record of PT rehabilitation Van Der Worp et al. 2011b ), compelling and trustworthy screening tools are important for routine clinical practice. These should be used as outcomes to validate the efficiency of the treatment, monitor progress and identify regression of the pathology (Celebi et al. 2016 ).
Prior systematic reviews have identified a list of risk factors for PT, but there is a paucity of information on PT screening tools for practical implementation in the clinical setup. Therefore, a need was identified for an in-depth systematic literature review to form the basis of a draft screening tool for PT as well as updating current data in this field. Such a PT screening tool may facilitate PT research, once it has been appropriately developed. Clinically, it may then assist in prevention of PT by early identification of risk factors and serve as an outcome measure in rehabilitation. Thus, the primary objective of this study was to systematically identify and appraise studies reporting on the intrinsic and extrinsic risk factors for PT, with the secondary aim of using the identified risk factors in a proposed PT screening tool, in combination with appropriate outcome measures.
Method
Systematic reviews are a cornerstone in research for complete, accurate and reliable recapitulating of evidence, and consequently provide several benefits to clinicians ). This systematic review was undertaken according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al. 2009 ). The inclusion and exclusion criteria in Box 1 were used as a basis for the consideration of articles.
Search strategy
The authors conducted two independent systematic review searches, first in October 2017 and in January 2018, for articles published between January 2010 and September 2017, with an allotted time period (approximately three months apart) between the searches by the authors. This ensured that results cross-referenced and that all eligible articles were included in the review. This interval was chosen to be a supplementary addition to a previously published systematic review on the causative risk factors and rehabilitation for PT in which articles were selected only up to October 2015 (Morgan, Janse van Vuuren & Coetzee 2016) . Clinical Sports Medicine (5th edition) by Brukner and Khan (2017) The following keywords were applied in the search strategy for the identification of applicable articles for the review:
('patella* tendinopath*' or [patella* and tendinit*])('intrinsic factor*' or age or gender or 'body composition*' or 'fat mass' or 'body weight' or 'body mass index' or injur* or 'joint instability*' or 'musc* strength' or 'musc* power' or 'range of motion' or 'range of movement' or 'anatomic* alignment*' or 'postural stability*' or 'sport* specific technique*' or 'level of skill*' or 'skill* level*' or 'extrinsic factor*' or strapping or bracing or 'foot wear' or footwear* or shoe* or 'training surface*' or 'eccentric decline squat*' or 'skill* acquisition' or proprioception* or flexib* or 'muscle activat*' or etiolog* or aetiolog*) AND (rehab* or 'return to sport' or 'return to play' or 'motor re-educat*') and (exercise* or train* or sport*)
Study selection
Each author undertook the study selection process according to the inclusion and exclusion criteria in Box 1. All uncertainties regarding the eligibility of articles were discussed by the authors to clarify and agree upon any initial discrepancy. Figure 1 demonstrates the methodology of the search strategy in determining the final set of articles for evaluation.
Methodological quality of the articles included in the review designs described in the different articles. These specific checklists were selected to assist in defining the methodological quality of each article because of their good validity and reliability in the literature (National Institute for Health and Excellence [NICE] 2012; Shea et al. 2009; Winn 2013) . The checklists included the AMSTAR (Shea et al. 2009) and NICE (2012) Methods for the Development of NICE Public Health Guidance checklists. The individual methodology scoring for each article is displayed in Appendix 1.
The methodological quality scoring was performed on 13 articles that met the inclusion criteria, with 6 articles remaining for the systematic review.
Data extraction
The data contained in the eligible articles were extracted and incorporated into a customised Microsoft Excel data spreadsheet developed by the authors (Tables 2 and 3 ). The documented information included authors, year of publication, aim of the study, type of study, the population, level of participation and intrinsic and extrinsic risk factors defined in each article. The intrinsic and extrinsic risk factors were identified in the results and discussion of each article during the data extraction process. The authors conducted the data extraction individually, which was followed by a final mutual check.
Analysis of data
Combining of the data for the formulation of a meta-analysis was not the intention of this systematic review because of the differences of the results in terms of the variety of articles with different study populations. All the empirical evidence was collected, characterised with regard to the intrinsic and extrinsic risk factors for PT and summarised descriptively.
Ethical considerations
Ethics approval was obtained from the Ethics Committee of the Faculty of Health Sciences, University of the Free State (approval no. 181/2015).
Results
The collective results of both independent searches yielded 157 feasible articles for inclusion prior to the commencement of article elimination ( Figure 1 and Table 1 ). Six articles met all the inclusion criteria and are shown in Table 2 . These were included in the systematic review with a mean methodological quality score of 69% (Table 1) . Only quantitative research designs and systematic reviews formed part of the included articles with, surprisingly, no randomised clinical trials. This systematic review led to the identification of eight intrinsic and five extrinsic risk factors, with the results of these articles being discussed.
The demographic information obtained from the systematic review shows that all six of the included articles described the study population. Two articles consisted of exclusively either male or female participants, whilst the other four articles described both male and female participants. Eighty-three per cent (n = 5) of the included articles provided detail on the level 
Study design Methodological checklist Range of quality scoring Quality scoring average Article exclusion reason
Systematic reviews AMSTAR checklist 8/11 (n = 1) 73% (n = 1) Methodology scoring of 50% or less Quantitative research National Institute for Health and Excellence checklist 15/27 -22/27 (n = 5) 67% (n = 6) Methodology scoring of 50% or less • Check for duplicates resulted in 34 exclusions Eligible ArƟcles (n = 157)
• Screening of Ɵtles resulted in 49 exclusions Eligible ArƟcles (n = 123)
• Screening of abstracts resulted in 21 exclusions Eligible ArƟcles (n = 74)
• Screening of full texts resulted in 40 exclusions (excluded because of no intrinsic and extrinsic risks factors for PT, age of parƟcipants, other tendinopathy pathologies and qualitaƟve research designs)
Eligible ArƟcles (n = 53)
• Screening based on methodology quality resulted in 7 exclusions
Eligible ArƟcles (n = 13) Eligible ArƟcles (n = 6) PT, Patellar tendinopathy. of participation. A combination of elite (66%) and recreational participants (50%) was described in four articles, with one article having a general study participant population.
Eight intrinsic risk factors associated with PT were identified in the articles that described their intrinsic risk factors. Categorisation of these risk factors included three main intrinsic risk factors, namely gender (male > female), impaired lower limb muscle flexibility and muscle strength. The other identified intrinsic risk factors were body composition, leg length variances, anatomy of the foot, lower patellar pole and age of the study participants.
Five extrinsic risk factors for PT were identified with the main extrinsic risk factor being the common prevalence of PT in sports that involve jumping (50%). The additional four extrinsic risk factors were heavy physical work in combination with jumping sports, level of sport participation (elite vs recreational level), physical activity and type of sport.
Discussion
PT is a well-recognised pathology with an inclusive aetiology of intrinsic non-modifiable and intrinsic and extrinsic modifiable risk factors that are directly linked to overloading of the patellar tendon (Hägglund et al. 2011) . It is still unclear and debateable as to which particular mechanisms might be responsible for influencing intrinsic systemic factors for the risk of developing PT (Malliaras & O'Neill 2017) . According to the outcomes in this systematic review, gender ) and age were non-modifiable intrinsic risk factors for PT. Gender was found to be a statistically similar finding to that reported by De Vries et al. (2015a) , Van Der Worp et al. (2011b) and Van der Worp et al. (2012) that men are more likely to develop PT. This finding is also similar to results reported by , indicating that male participants have a greater risk of sustaining PT than female participants. It is believed that oestrogen in female participants may act as a protective mechanism and this may explain the discrepancy between genders, although this needs further investigation (Torres, Zgonis & Bernstein 2013).
The second non-modifiable intrinsic risk factor was increased age, granted that there was no conclusion regarding a specific age group in the results. The evidence shows that age may be associated with altered cellular activity in the patellar tendon, muscular function and mechanical properties (Malliaras & O'Neill 2017) and these age-related changes increase the predisposition of the general population to develop PT (Murtaugh & Ihm 2013) .
In general, the anatomy and biomechanics of each individual athlete or person have an influence on the risk of developing PT (Malliaras & O'Neill 2017) . Therefore, different morphologies of the foot (Reinking 2016) , place increased strain and load on the patellar tendon . In terms of leg length variance, the longer leg is generally associated with PT pathology with no other specific explanation (Van der Worp et al. 2011b) as to whether this is an anatomical or functional discrepancy. A lower patellar pole might be explained by the impingement theory, which implies the irritation of the patellar tendon on different knee flexion degrees (Torres et al. 2013 ). These three intrinsic risk factors for PT might be modified and improved in rehabilitation, but this has not been demonstrated in studies. One possible option in the rehabilitation of PT is the use of strapping or orthosis, which may potentially have a positive effect ).
There are a further eight modifiable risk factors for PT which can be either intrinsic or extrinsic. Impaired quadriceps, hamstring and iliotibial band muscle flexibility is an intrinsic risk factor for PT (Malliaras & O'Neill 2017; Reinking 2016; . Muscle stiffness is related to general overuse of muscles, especially muscles in the lower limb and knee region (Brockmeyer et al. 2015) and injured athletes constantly present variations in flexibility deficits (O'Sullivan, McAuliffe & Deburca 2012). As highlighted by Carvalho et al. (2012) and Rogan et al. (2013) , lower limb stretching in athletes is necessary for optimal performance in sport, injury prevention and rehabilitation. Improving flexibility of the lower limbs has always been a focus area in the rehabilitation of PT (Rudvasky & Cook 2015) and special attention is paid to improving the flexibility of the quadriceps femoris, hamstring and heel cord muscles by stretching programmes (Vetrano et al. 2013) . This component of rehabilitation may benefit faster return to sport (O'Sullivan et al. 2012 ) by minimising symptoms ).
Impaired muscle strength of the quadriceps femoris increases the likelihood of developing PT (Rudvasky & Cook 2015) . The rationale behind this is that lower leg muscle strength, especially weakness surrounding the knee joint, contributes to patellar tendon strain by the abnormal distribution of load and malalignment of patellar tracking (Torres et al. 2013 ).
To address this, it is advised that when strengthening is commenced during rehabilitation, one should start with isometric strengthening of the quadriceps muscle because of its pain inhibition . Once the pain is under control, progression to eccentric exercise can be started using the load tolerance principle . Eccentric exercise has been a cornerstone in PT rehabilitation since the 1980s (Steunebrink et al. 2013) and it is a popular (Saithna et al. 2012) , extensively investigated therapeutic treatment for PT (Murtaugh & Ihm 2013 ) that improves functionality (Sosa et al. 2014 ).
Body weight and body mass index are modifiable intrinsic risk factors for PT. The connection between body composition and the risk for PT is multifaceted and not simply related to loading of the tendon, thus outlining a complexity of confounding interconnected factors (Malliaras & O'Neill 2017) . Excessive body weight is responsible for an amplified patellar tendon load (Malliaras & O'Neill 2017) and these combined factors affect microvascularity, which is directly linked to the development of PT (Murtaugh & Ihm 2013) .
Irrespective of the type of sport or activity that athletes or the general population participate in, musculoskeletal injuries are a reality (Saragiotto, Di Pierro & Lopes 2013) . Repetitive mechanical overload, an extrinsic risk factor (Rowan & Drouin 2013) , influences the patellar tendon in surpassing its reparative capacity (Rosso et al. 2015; , resulting in tendon failure and the development of PT (Malliaras & O'Neill 2017) . These risk factors for PT decrease the patellar tendon's ability to tolerate load over time, which is the typical nature of PT onset (Rosso et al. 2015; ). This, again, highlights the direct connection between the development of PT and the load on the tendon which can be modified with a precise approach in rehabilitation (Vetrano et al. 2013 ).
Jumping sports participation is an important risk factor (De Vries et al. 2015a ; Van der Worp et al. 2011a ; Van der Worp et al. 2012) , although the estimation of the actual prevalence of PT in specific sports that include jumping has not been identified. This is because of athletes continuing with sport participation even though they experience mild to moderate symptoms. Nonetheless, there is clear evidence that the prevalence of PT in jumping sports is alarmingly high because of the nature of this activity . Vertical jumping overloads the patellar tendon and seems to be because of the velocity and acceleration of ankle dorsiflexion and acceleration of knee flexion (Janssen, Steele & Brown 2015) .
The prevalence of PT fluctuates according to the specific jumping sport and between elite and recreational athletes . A potential explanation for the prevalence of PT in elite athletes is that they are exposed to several loading and unloading time frames of the patellar tendon because of seasonal breaks and injuries over the years. This progressively decreases the capacity of the patellar tendon to tolerate load, and it becomes vulnerable with any overloading of the tendon, even with simple and minor adaptations in the training regimen . On the other hand, one of the main reasons why recreational athletes sustain PT is rapid overloading of the patellar tendon. This overwhelms the tendon and also its capacity to recover, resulting from amplified physical activity, frequency or intensity and the use of incorrect equipment (Torres et al. 2013) .
Unfortunately, PT is also prevalent in the general ageing population because of changes in the patellar tendon anatomical structure (Longo et al. 2011) , and a quick run across the road or a day gardening may be adequate to overload the patellar tendon and symptoms will appear (Malliaras & O'Neill 2017) . This agrees with the findings of age as a non-modifiable intrinsic risk factor for PT.
The secondary aim of the study was to initiate the development of a tool to screen for risk factors, as well as to potentially serve as an outcome measure in the rehabilitation of PT. This may contribute to the refining of PT management in terms of risk factor identification and determining and monitoring pain and function over time. A further possibility of the proposed screening tool in PT (Figure 2 ) is to potentially increase the awareness of further PT research in the healthcare community, particularly the development of validated PT screening tools.
The identified non-modifiable and modifiable intrinsic and extrinsic risk factors in this systematic review (despite the small sample size of the included articles) are all potentially relevant to the pathology and were used as the basis for the proposed PT screening tool (Figure 2 ). To broaden the tool to become an outcome measure (Scott et al. 2013) , it is suggested that the proposed PT screening tool is combined with two subjective outcome measures and a pain provocation test for load tolerance of the patellar tendon. According to Vetrano et al. (2013) , the Victorian Institute of Sports Assessment for Patellar Tendinopathy questionnaire (VISA-P) and Visual Analog Scale (VAS) are well-known subjective questionnaires used extensively in PT rehabilitation. Independently, these outcome measurements have good validity and reliability for application in many clinical settings, including PT rehabilitation (De Vries et al. 2013; Gosens et al. 2012 ;
Patellar Tendinopathy Screening tool
Name:
Type of Sports ParƟcipaƟon:
Intrinsic risk factors Extrinsic risk factors Outcome measures
Comments:
Gender ( -Sanchez et al. 2017; . The VAS is a sensitive, subjective one-dimensional questionnaire that estimates pain intensity in pathology (Hawker et al. 2011) . It can measure the athlete's initial pain experience, pain during rehabilitation and offers precise indications of pain intensity and variations in pain (Vetrano et al. 2013) . Patellar tendinopathy symptoms are difficult to quantify, and the VISA-P questionnaire is a disease-specific published clinical scale validated for PT, which contributes to its functional assessment (Vetrano et al. 2013 ).
Hernandez
Inclusion of a pain provocation test may add considerable value to the evaluation of symptoms on a daily basis , which is helpful in rehabilitation. Determining pain response in PT in terms of aggravation of symptoms at baseline, and during and after loading of energy-storage activities, is a major aspect in the rehabilitation and management of PT pathology in order to make load adaptations. This can be achieved by a 24-h pain provocation test , which consists of a functional assessment test (single-leg decline squat test) . If the pain on the provocation test returns to baseline in a 24-h period, it implies that the patellar tendon pain is 'stable' and that the tendon has tolerated the load . This test can be advanced to a maximal vertical jump or triple-hop test during the returnto-sport phase of rehabilitation . According to , the load tolerance principle is the single most important part of PT rehabilitation.
According to the authors' knowledge, there are no other PT screening tools. The proposed PT screening tool may possibly be useful in rehabilitation, as it includes a dual function of outlining likely intrinsic and extrinsic risk factors for the development of PT, the estimation of pain and functional impairments and is not indicated for any specific population. The value of the proposed PT screening tool will only be verified if properly tested in appropriate studies (Bishop 2008; McCreesh & Lewis 2013) .
Strength, limitation and recommendations
The strength of this systematic review is that the intrinsic and extrinsic risk factors for PT have been identified. Risk factor identification promotes the development and implementation of prevention strategies in the management of this condition. The evidence on the risk factors was used to suggest a proposed PT screening tool which will need to be tested in appropriate studies. A limitation of this systematic review was the limited number of included articles and a probable reason might be the explicit exclusion of youth populations. Another limitation was the lack of randomised clinical trials to validate the results.
Conclusion
Intrinsic and extrinsic risk factors for PT were identified in this systematic review. This evidence, as well as appropriate literature, formed the basis for the formulation of a proposed PT screening tool which will require testing to determine its usefulness. 
